Gene finding and
Genome annotation

Manfred Zorn

BerkeleyPGA

Bioinformatics Tools for Comparative Analysis
February 27, 2003

What is a Gene?

» Definition: An inheritable trait associated
with a region of DNA that codes for a
polypeptide chain or specifies an RNA
molecule which in turn have an influence
on some characteristic phenotype of the
organism.

Abstract concept that describes a
complex phenomenon




What is Annotation?

 Definition: Extraction, definition, and
interpretation of features on the genome
sequence derived by integrating
computational tools and biological
knowledge.

[Identifiable features in the sequence |

How does an annotation differ
from a gene?

« Many annotations describe features that
constitute a gene.

« Other annotations may not always directly
correspond in this way, e.g., an STS, or
sequence overlap




DNA Analysis

* Heuristics
» Statistics

e Artistics

DNA Analysis

* Find the genes
— Heuristic signals
— Inherent features
— Intelligent methods

« Characterize each gene
— Compare with other genes
— Find functional components
— Predict features




What is a Gene?
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Heuristic Signals

DNA contains various recognition sites for
internal machinery

Promoter signals

Transcription start signals

Start Codon

Exon, Intron boundaries
Transcription termination signals




Heuristic Signals

atggtccccgacaccgectgegttettetgetcaccctggetgeccteggegegteccggacagggeccagagecegttggg

ggggagggaagggggtcggegggtagggagtecttggega
agacccgagggatgaggagaggttgggaccccgectgatte
aacacggtgatggagtgtgacgcgtgcggtgagecgeggeg
gggcggtcgggagagagaagagacgggagacagagacacagagacagagacagagagccagggaaagctggggaggaaaa
gagacggaaggagatggaggctgacggagaggtggacggacgaacgggaatgggatggggtgtgtagaaacagagacaaa
aagagacagaagcggtgagagagttttggggaagtgagagacgccacggggcagaaaagcgggacagagactcagagaag
agaccggggagaccccgcggtcagagecgegecagectectggggecgggatcgeggacagegecaggatttegggecgeceegg
ggcggggggtgggggggaaggggaagcctccageccccggggcgtggecatgataggetectgeccececgggegagecaccga
tcagccecegecgettetecceecctececececcecgecagggatgcagcagtcagtacgecaccggectacccagegtgeggecce
tgctccactgcgcgeccggettectgecttecececggegtggectgecateccagacggagagecggegegegetgeggeceectge
cccgegggettcacgggcaacggctcecgecactgcaccgacgtcaacgaggtgegetageccecgacacteccaccgecctgac
gactccctctaccgeccccccaatctectecgecgeccgggagaccecttecteccactgggagtgttecgececcgaagagecte
tcacctcecgggggecgecacggeccagactacctecttaccgeggggggacgeccaacccaaggaccatecececegtecaccacce
gggacgcccgcccccacaaccccctacatagectagtgacgeccgeccecgacgactececctecaccgecaggggtggtecgece
ccagctaccctcctcgecgcaggggatcgeccagtcccaacgaccctteccacagccagggaacgcacgcccagaccccccyg
ccaccgccgggcacgcacgccccgacgaccectgecccecctetgetggggatgececgeecctcatecttectecectegee
catgagggaacagctctcctctcctctecececggttgegeccttgecgtcatcaaggcaaagtegtgectgaccectgegac
aattgcttccatctcagagctccaagcactggcatatggecccttgaactttccacatccgagacactacgaggtgeggee
cccagggcccagctcgaagccctcectgaccctetgtggececctecteccceccagtgcaacgeccaccectgettececececgag
tccgetgtatcaacaccagecccggggttecgetgegaggettgeccgecggggtacageggecccacccaccagggegtyg
gggctggctttcgccaaggccaacaagcaggtgagaggtgtgggggeccecatttttggagcagaagggaagggggegtece
attttgtttaccagtaaactcctcttccagectectteccagegggaggggtggggagaggaggggtecgetgegecaggg
ctgatcggtttggggcaggatggaggggagaggcaggatgcggaggaagtgtggaggaggtgggaggtecggaggtgtet
gcgtggggtggtgacctectgagttececctecectaggtttgcacggacatcaacgagtgtgagaccgggcaacataactg
cgtccccaactccgtgtgcatcaacacccgggtaaggcccgectggggaggaagaaaggatcgecgggaggtggggecgageg
gcgggceggectgegetgaccteccggeggetecggegecagggetectteccagtgeggecegtgecageccggettegtggg

Heuristic Signals

atggtccccgacaccgectgegttettetgetcaccectggectgeccteggegegteccggacagggeccagageecegttggg
taagccgcgttagcacccgcgecgtgeccacggecccacaacggactgtaggacccgtgagaggccecgggatccaggetg
tttggggctcacggactgttcgtaggggacgtgccgggecgcagaaagcaggtggcgggaccgagactagaggagcgcagt
ggggcctcggaggtccgggttecgetgcaacggtgggagttggtggtgggatteccececggecccatgacgectcaccaggte
ccectgeccgecgcaggctcagacctgggeccgecagatgettecgggaactgcaggaaaccaacgecggecgectgcaggacgtge
gggagctgctgeggcagecaggtgeggggecegggtgeggggcagggagtgccagggaacggaagggggteteagttecca
gcgaggagagaggaagtacccgagaaggtggagaggagatggggagggaagggggteggecgggtagggagtecttggega
aaagaggctgtagaaagggaccccggggtagagagaggggagacccgagggatgaggagaggttgggaccecegetgatte
catcccacccctgcaggtcagggagatcacgttcctgaaaaacacggtgatggagtgtgacgegtgecggtgagegeggeg
gggcggtcgggagagagaagagacgggagacagagacacagagacagagacagagagccagggaaagctggggaggaaaa
gagacggaaggagatggaggctgacggagaggtggacggacgaacgggaatgggatggggtgtgtagaaacagagacaaa
aagagacagaagcggtgagagagttttggggaagtgagagacgccacggggcagaaaagcgggacagagactcagagaag
agaccggggagaccccgcggtcagagcgegcagectectggggecgggatcgeggacagegecaggatttegggecgececegg
ggcggggggtgggggggaaggggaagcctccagecccecggggecgtggecatgataggectectgeccececgggegagecacecga
tcagccccgecgetteteccececteccecceccgecagggatgcagecagtcagtacgcaccggectacccagegtgeggecee
tgctccactgcgecgeccggettectgectteccececggegtggectgecatccagacggagagecggegegegetgeggececetge
ccecgegggettcacgggcaacggctcecgecactgcaccgacgtcaacgaggtgecgectagecccgacactccaccgecctgac
gactccctctaccgeccccccaatctectecgecgeccgggagaccecttecteccactgggagtgttecgececcgaagagecte
tcacctcecgggggecgecacggecagactacctecttaccgeggggggacgeccaacccaaggaccatecececegtecaccacce
gggacgcccgcccccacaaccccctacatagectagtgacgeccgeccecgacgactececctcaccgecaggggtggtecgece
ccagctaccctectecgecgcaggggatecgeccagtecccaacgaccctteccacagccagggaacgcacgecccagaccccecyg
ccaccgccgggcacgcacgccccgacgacccectgecccectetgetggggatgececgecctecatecttectecectegee
catgagggaacagctctcctcteccteteceggttgegeccttgecgtcatcaaggcaaagtegtgectgaccectgegac
aattgcttccatctcagagctccaagcactggcatatggcccttgaactttccacatccgagacactacgaggtgeggee
cccagggcccagctcgaagccctectgaccctetgtggececctectecceccagtgecaacgeccacceectgetteccecgag
tccgectgtatcaacaccagecccggggttecgetgegaggettgeccgecggggtacageggecccacccaccagggegtyg
gggctggctttcgccaaggccaacaagcaggtgagaggtgtgggggeccecatttttggagcagaagggaagggggegtece
attttgtttaccagtaaactcctcttccagectectteccagegggaggggtggggagaggaggggtecgetgegecaggg
ctgatcggtttggggcaggatggaggggagaggcaggatgcggaggaagtgtggaggaggtgggaggtecggaggtgtet
gcgtggggtggtgacctectgagtteccectececctaggtttgcacggacatcaacgagtgtgagaccgggcaacataactyg
cgtccccaactccgtgtgcatcaacacccgggtaaggcccgectggggaggaagaaaggatcgecgggaggtggggecgageg
gcgggcggectgegetgaccteccggeggectecggegecagggetecttecagtgeggececgtgecageeccggettegtggg
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Start Codon

> A

Initiation

AGGGGAAAUCUGAUGGAACGCUAC
UGAAACGAUGGCGAUUGCA
GGUAACCAGGUAACAACCAUGCGAGUGUUG
CAAUUCAGGGUGGUGAAUGUGAAACCAGUA
AAUCUUGGAGGCUUUUUUAUGGUUCGUUCU
UAACUAAGGAUGAAAUGCAUGUCUAAGACA
UUGACCUAUGCGAGCUUUU
UUGUAUGGAACAACGC

[E—
Pairs with Pairs with
16S rRNA initiator tRNA

3’ end of
16S ribosomal RNA

OC» O

4 QA= A
LERIIBSVUBIBEEI38T

coli trpA

E.

E. coli araB
E. coli thrA

E. coli lacl

»X174 phage A protein
Qf3 phage replicase
R17 phage A protein

A phage cro

3’

5’ f ' ' '
GAUUCCUAGGAGGUU UGACCU&AUG,CGAEGCUEU u UiAG U-—Messenger RNA
'fMet'—Arg‘—AlaiPheiSer—Polypeptide




Inherent Features

DNA exhibits certain biases that can be
exploited to locate coding regions

Uneven distribution of bases
Codon bias

CpG islands

In-phase words

Encoded amino acid sequence
Imperfect periodicity

Other global patterns

Donor Splice Site

I

bits




Inherent Features

Solovyev, 1994

Intelligent Methods

Pattern recognition methods weigh inputs
and predict gene location

— Content-based methods
— Site-based methods
— Comparative methods

Neural Networks
Hidden Markov Models
Stochastic Context-Free Grammar




G RAl |_ Uberbacher, Mural

GRAIL 1

— Neural network with fixed window length (100 bases)

GRAIL 1a

— GRAIL 1 + adjacent information

GRAIL 2

— Variable length window, contextual information

GRAIL-EXP

— Comparison with partial and complete gene sequences

Analyzing Complex Multi-
Gene Regions

Errors in exon prediction and splice site
boundaries

Gene boundaries uncertain
Genes can be on both strands
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Neural networks

| 6-mer vocabulary

| 6-mer-in-frame

| Markov

|Isochore GC Compositionl—bo \’

| Exon GC Composition

| Size prob. profile

| Length

| Donor

| Acceptor

| Intron Vocabulary 1

| Intron Vocabulary 2 X7

Grail-EXP
TR AN 1N [——
) ey
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FGENEH/FGENES Solovyev

— Looks at several structural features
— Splice donor/acceptor sites
— Putative coding regions
— Intronic regions
— Linear discriminant analysis to split exon /
non-exon classes

— Dynamic programming to assemble best
gene structure

MZEF Zhang

— Quadratic discriminant analysis
— Exon length
— Exon-intron transitions
— Splice sites
— Branch sites
— Exon, strand, frame scores

— Detects internal exons
— No information about gene structure

11



G ENSCAN Burge, Karlin

— Probabilistic model of sequence composition

and gene structure

— Looks for gene structure descriptions that are
consistent with the query sequence to assign probability
that sequence stretch is exon, ...

— Best ---> optimal
— But generates also suboptimal exons

PROCRUSTES Gelfand

» Forces sequence into target structure

— Requires putative gene product
— Stretches/shortens sequence to fit into model

12



Hidden Markov Models
O—’O—’Q Silent states

> » E Production states

GENlE Kulp, Reese, Haussler

13



Strategies

Select by correlation coefficient
Select by review paper

Select by recommendation

Use them all

Drawbacks

* Most programs are “trained” on existing
data

* |t's awfully hard to find new things this
way!
« NTT
. IPW

14



Banbury Cross

FGENEH
GenelD
GeneMachine
GENSCAN
Genotator
GRAIL
GRAIL-EXP
MZEF
PROCRUSTES
RepeatMasker
HMMgene

Chapter 10

Internet Resources

http://igs-server.cnrs-mrs.fr/igs/banbury

http://genomic.sanger.ac.uk/gf/gf.shtml

http://www1.imim.es/geneid.html

http://genome.nhgri.nih.gov/genemachine

http://genes.mit.edu/GENSCAN.html

http://lwww.fruitfly.org/_nomi/genotator/

http://compbio.ornl.gov/tools/index.shtml

http://compbio.ornl.gov/grailexp

http://www.cshl.org/genefinder

http://lwww-hto.usc.edu/software/procrustes

http://ftp.genome.washington.edu/RM/RepeatMasker.html

http://www.cbs.dtu.dk/services/HMMgene

http://www.wiley.com/legacy/products/subject/life/bioinformatics/chapterlinks.html

Characterize a Gene

Collect clues for potential function

« Comparison with other known genes, proteins
* Predict secondary structure
* Fold classification

» Gene Expression

» Gene Regulatory Networks
* Phylogenetic comparisons
* Metabolic pathways

15



GenomeChannel
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A Contig Overview

1 L 10K, 210, 0K = K, g s 0K o0
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Feature Display

Feature selection

M GC v2.0 - Human [Homo sapiens) Chromosome 5. Contig TOD0980 Features (744674 bp)
Help File ©of Options  List Festures Windowes

WoH

[ [Unsigned Java Applet window

/PJredicted Genes |
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Gene Summary Report

Netscape S [=] B3

le Edit View Go Communicator Help

Genome Chann

Repor

Gene Summary Repo Help
human Chromosome 5, Contig TO009S0, GrailEXP Gene 32
Links:
TYPE gene
sIZE 31475 by
ORGENTISI® Homo sapiens
CHRONGSOME* 5
map* saz3.1
GCID GCO05241232 (chr.5.ctg.TO00S80.gene.grailexp.32)
SIMILARITY (US2351) neural plakophilin related srw-repeat protei...
FROM_icC
FRON_NID
SEQ_SOURCE
FEATURES®* Location/Qualifiers
gene Joinm(<1..111,12191..12394,28123..28277,28805. .28942,
31445..314755]
/Siwilarity="(US2351) neural plakophilin related arm-repeat protei...” (blast_score=
sevidenc Mot experimental”
ftranslation=MGTDELDGLLCGEANGKDAESSGCWGKKKEKKESQDQMF ALLF
FFRQUDGVGPLPDC LEPPEG IQNLWHPS IVKP ¥LTLLSECSNPDTLEGALGALQNL
AAGSUEWSVYIRAAVRKEKGLP ILVELLRIDNDRVVC AVATALRNMALDVRNEEL T
GHNPVLGPE IKS ISKTDRKPCPCGV Y IQEKEMF KKQTKQINHKNELSKGUED ARAKA
D=
exon (1..111)
AEST=T?7214
exon (12151..12394)
/EST-T77214
exon (28123..28277)
exon (28805. .28942)
exon (31445..31475)
BASE COUNT 8381 & 5543 o 6139 o 5412 ©
ORIGIN
1 atgggcacgy ACUAOCTOUA CUGNCTACLC LOLUUCUAOY CCAAtgUTas gUAatgUtoag
61 € aror
121 getgete at - aactgtaata t
- = e g S O _'_I
= == [ http: //compbio. oml.gav/cgi-bin/PrnF pt.pl?human 5, TODOSED, gene grailenp,32

BEAUTY - Gene Search
Results

ts - Netscape _[Of x|

Communicator  Help

BLASTP+BEAUTY Search Res:
e Edt View G

Distribution of 29 Blast Hits on the Qu Sequence =l
[z822195 (US2351) neural plakophilin related arm-repeat protein . 253 E=se-57 J
Color Key for Alignnent Scores
QUERY » -
100 200
score =

Sequences producing Significant alignments: (bics] value
9112822195 (US2351) neural plakophilin related arm-repeat protei... 253 se-s7
gi|3712673 (U96136) delta-catenin [Homo sapiens] 243 Se-s6
gi|2560557 (US05331) neural plakephilin related arm—repeat protei... 236 Se-o2
91117029241 gnl|PID|e259279 (£61889] pO0071 protein [Homo sapiens] 165 3e-an
9111932727 (U51269) armadillo repeat protein [Homo sapiens] 108 1e=-23
9112253580 (US2828) delta-catenin [Homo sapiens] 106 1e-22
§i|3152867 (ALF062344) pl20 catenin isoform 4B [Homo sapiens] 82 a=-15
gi|3152817 (AF062315) pl20 catenin isoform 24BC [Home sapiens] 8z  4=-1s
3132843 14r0c23331 120 catenin isoform ia [Mowo sapiens) roi... 8z 4=-1s

= == [ htp: £/ grail lsd_ ol gov/G CAhuman/chiomasome /5/contio/ T 000880/ gene-/arailexp /search/beauty/ 32 himi 2822195




Layers of Information

The same base sequence contains
many layered instructions!

» Chromosome structure and function
— Telomers, centromers

* Gene Regulatory information
— Enhancers, promoters, ...

* Instructions for gene structure

* Instructions for protein

* Instructions for protein post-processing and
localization

Inherited Annotation Problems
in Multi-Domain Proteins

New sequence

i G
ags

]:I Closest database annotated entry

=~}

Original studied protein

Annotation I

19



Alternatively Spliced ?

M. GC ¥2.0 - Human (Homo sapiens) Chiomozome 4. Contig 4p16.3 Features (1564611 bp)

Help File Edi Options List Festures Windows

i

|

I HHH H
sH-HH

= | Unsigned Java Applet Window

Conboy 1998

As many as 30% of human genes,
in particular structural genes, may
be alternatively spliced.
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Annotated Genomes

GenomeHub

Internet Resources

http://www.nhgri.nih.gov/genome_hub.html

NAR Database Issue http://nar.oupjournals.org/content/vol29/issue1/

21



O Netscape:NHGRI Genome Hub E]=]
" Loostion: Jf [ttp 7 Farvrwr nhar nih gov Zgename_hub il ] Q0" what's Related
National Int i i i i
: nternational Human Genome Sequencing Consortium
Human erorenn
Senome.
On hehalf of the Intemational Hurnan Genome Sequencing Consartium, Genome Hub is aweb site that
Research 2 consists of a list of a number of important web sites that contain information about the human genome
v sequence, other genome sequences, and other relevant genomic information. Itis similar to the "Genome
itute ¥ Central' sites that can be found onthe NCBI and EBI sites. Genome Hub will be maintained and regularly
Institute
updated with new information
Use the links below to go to the listed directories containing information pertinent to those areas
raft Genome Sequence Assemblies, and other genomic data resources
Underlying Map Information
Centers of the i Human Genome ing C
Nuclectide Sequence Databases
rchives
SNPs
cDNAs and ESTs
Other Organisms
Other Human Genetics Information
ELSI Information
top Draft Genome Sequence Assemblies, and other genomic data resources
uesc. contains the assembly of the draft genome sequence that was
analyzed in the February 15, 2001 publication
EBL the Ensembl project provides access to DNA and pratein sequences
with automatic baseline annotation; allows BLAST analysis
N in addition to the MBI assembly of the draft genome sequence, this
site provides access to other NCBI resources including BLAST
analysis
Oak Ridge Nati Java viewers Tor Human genome data
RIKEN Genomic Si gives an owerview of the entire human genome structure
tep Underlying Map Information
WashU This page cantains links to the fingerprinted clone and accession
maps ofthe human gename
Gene Map 99 (Gene map 89 contains data and viewers for radiation hybrid maps.
Marshfield this page contains comprehensive human genetic linkage maps
Genethon This site is contains the Genethon genetic linkage maps =
BHdh This (s the site for the Eaiation Hubrid mann |
[ Eb AP Eal ~F

GoldenPath

O

Netscape:Human Genome Browser Gateway

HE

Lagation:

hitp ./ genome cse ucse.edu/goldenPath /oot Tracks him

| @507 what's Related

Human Genome Browser

‘Web tool created by Jim Kent of UC Santa Cruz
7 0ct 2000 draft assembly of the human genome

Pleose enter a position in the genome, set your preferred window width, snd press the submit bution: (Use BLAT Search to locsts o particular ssquence in the genome.)

genome position: |chr17:45247249- 45350955 pixel width |610

& genorme position can be specified by the accession number of a sequenced humsn genomic clons, sn mRHA or EST or 8T macksr, or & cytological band, &
chromosomal coordinate range, or keywords from the Genbank deserption of an mRHA. See the User Cwide for more help.

Request: Genome Browser Response:
chrld Displays all of chromosome 19
20p13 Displays megion for band pl3 on chr 20

dq2d Displays band q26 on chr 4, gene region determining red hair color
chr31-1000000  Tisplays first millinon bases of chr 3, counting from p amm telomere

DI6E3046 Displays region around 3T mearker D1683045 from the GenethonMarshfield maps {open " 8T Markers" waclk by clicking 1o gee this marker)
AKINSATY Displays region of EST with (enBank acc. AA205474 in BRCAL cancer gens on chr 17 (open "spliced E&Ts" track by clicking 1 see this EST)

g l3696 Displays region of the fingerprint clone conty c1g13698 from the Wash, 1. map {set "FPC contigs" wack 10 "dense" and refresh 1w see FPC contigs)
APOD1E70 Tisplays region of clone with CenBank aceession APO01670 (open “"coverage” track by clisking 10 see this cloneh

AF033811 Offers 2 coordinate choizes on che 7 and chr 22 for this mitote checkpoint mRNA

PRHF Oiffers conrdinates choices for nested MRHAs for prion gene, chr 203

paeudogens mREMA Lists transcribed psevdogenss but not cDNAs
homeobox caudal  Lists mRENAs for candal homeohox genes

walyl-RHA Listz mRENAz for valyl tRHA svnthetases bt not unsubrmited RHA
zing finger Lists many zing finger mRHAs

kmppelzine finger  Lists only kippel-like zine fingers

huntington Lists candidate zenes associated with Hontington's disease

zahler Lists mRENAs deposited by scientist named Zahler

Evans,J.E. Listz mRNAz deposited by co-author JLE. Evans

T3¢ thiz laat format for entry authors -- ewen though Cenbank searches require Evans JE fonnat, CenBank entries themnselves vse Evans, LE. internally.

22



Chromosome NA_random, Bases 218822-225943, Size 7122
move o >>> | zoom in zoom out

posiuon[ch|‘NA_|‘and0m:21 8822-225 pixel width |610 User's Guide

Base Fosition [ 2zaaa8] 2z1808] zozana EEECLL EEFTEE zesees|
Chromosome Bands Localized bd FISH Mapping Clones

Chromosome Band
ETE Markers on Genetic Chiue), FISH (green) and Radiation Hubrid chlack) Maps
ETE Markers
Gap Locations

Gan
Clone Coverage/Fragment Fosition
coverage
Khauwh Genes (fram fUll lenath mEHAS)
COKMZA Lz i L
AFFUMETE ix Gehe Fredictions
Arry cenes (IR s o
Ensemb] Gene Fredictions
Ensenb 1 Genes [ f
Fgenesh++ Gene Fredictions
Faeresh++ Genes i [} R i)
Full Length mRNAS
La7ail g B
uzs72T
U35045 B
AF 115544 [} Ea [
ZTEESE B
Humah ESTs That Have Beeh Spliced
zptliced E3T= ([ [ ]

Mouze sHuman Evo lutionarily Conserved Regions (by Exoneratel
Exonerate Mouse
Exof ish TetraodonsHumah Ewvolutionarild Conserved Regions (ecores)
Exof ish ecores
Mon-coding RMA Genes (dark) and FseudoZenss 1ighty
Zingle Hucleotide Foldmorphisms (EHFS) from Clone Over laps
verlap SNFs
gingle Hucleotide Folumorphisms (SHFsS) from Random Reads
Random SHF=
Repeating Elements by RepeatMasker

Repestiasker (] | | | I . ||

BLAT Search

O Netscape: BLAT Search 0B

-: Location: 47 [http / 7genome ose uose.edufogi-bin shgB lat *db=hgS ] »‘fjl'wnat‘s Related

BLAT Search Human Genome

Freeze Query type: Sort output:

Qct, 7, 2000 a [ BLAT'S guess a ] [ qUELY,F00TE a ]
Please paste ina query sequence 1 see where if is Incated in the UC'SC assembly of the humean genome . Multiple sequences can be searched af once if separated by a line
Starting with - and the Sequence name

Oply DHA sequences lezs than 20,000 bazes and protein or wanslated sequence of less than 4000 leters will e processed . If multple sequences are submined at the same
time, the total limit is 50,000 bases or 10,000 leters

BLAT on DM i designed o quickly find sequences of 9595 and greater similarity of length 40 hages or more. It may miss more divergent or shorter sequence alignments
It will find perfect sequence maiches of 33 hases, and sometimes find them down 10 22 hases. BLAT on proteins finds ssquences of G096 and greater similarity of length 20
aning azids or more. [n practce DHA BLAT works well on primates, snd protein blaton land sertebrates

BLAT iz not BLAST. DA BLAT works by keeping an index of the entire genome in memory. The index consists of all non-owerdapping 11-mers except for those heavily
irerolved in repeats. The index takes up a bitless then o gigabye of RAM. The genome ielf iz not kept in memory, sllowing BLAT 1o deliver high perfonmanee on g
reagonably priced Lin box. The index iz vsed 1o find areas of probable homology, which are then loaded into memory for & detadled alipnment. Protein BLAT works ina
similer marmer, except with 4-mers rather then 11-mers. The protein index takes a Lttle more then 2 gigahytes

BLAT was written by Jim Kent. Like most of Jim's softwars interactive use on this web server is free to all. Sourses and executsbles 10 run batch jobs on your own server
axe availshle free for academic, personal, and non-profit purposes. Non-exclusive commercisl licenses are also svailable. Contact Jim for details
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MCEl Home b= Genamic Biology

Human

Search [ LocusLink £ | for |

A guide to online information resources

Web Resources

BLAST. Compare your Sequence
to the genome or its gene
products.

Cytogenetics. & cytogenetic
resource of FISH-mapped,
sequence-tagoed clones.

dbSHP. Database of ShPs and
other genetic waristions.

e-PCR. Check your sequence for

STSs and view in genomic cortext.

GEQ. Gene Expression Omnibus, &
public: repository for expression
data.

HomoloGene. Putative
homologies among human, mouse,
rat, and zehrafizh.

Homology Map. Blocks of
conserved synteny hetween
mouse and human.

LocusLink. Focal poirt for genes
and azsociated information,

OMIM. Guide to genes and
inhertted dizorders maintainecd by
JHU and collaborators.

RefSen Refrrence seousphces nf

Building an information infrastructure

A challenge facing researchers today is the ability to
piece together and analyze the multitudes of data
currently being generated through the Human Genome
Project. MCEl's Wweh site serves an an integrated,
one-stop, genamic infarmation infrastructure for
hiomedical researchers from around the world 2o that
they may use thiz data in their research efforts. More...

Working Draft Analysis Published

w» LM Prezs Release

o MHGRI Presz Releaze

w Ineractve Tour of the Genome

o MBI Genome Analysis Pipeline

o Matre (211501 ) Human Genome Izsue
o Science (216101 Human Genome [ssne

MapViewer tips and tricks

‘When browsing the genome using the new Map'iewer,
click on Display Settings to choose from several types of
maps and . Belovy are three views of the BRCAZ locus
uszing different display options. Click the image to zee the
Tull Mapiewer display.
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&0, Selected gene stories
faor students and the puklic.

NCBI Display options

Genes

genes
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= _ Master: Genes On Sequence Map Display settings
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6 ’ project :; EBI .

vio

o W Ensembl is a joint project betw een
Enserngl EMEL - EEI and the Sanger Centre to
develop a software systemwhich

] produces and mairtaing automatic
annotation on eukakotic genomes.
Ensemblis primarily funded by the
Wellcame Trust,
[Press release] S
2 3 4

1 5 6 7 & 9 10 11 12

Frae |

+ Download all data, free, without constraints
* Search the DMNA from the human gename
® Brow se chromasomes

® Find genes, SNPs and mouse genome matches
® Look for proteins and protein familes
¥ Find genomic seguences similar to_my protein
seguence?
Look up a positional matker and examing candidate 13 14 15 16 17 18 19 20 21 22 % ¥

disease genes in the region?
¥ Find the expression profile of o gene?

= More
» Mews » EBLAST » Docs
* Download * SSAHA * Dev
* Hew: Ensembl Mouse server

» |entification of 90% of known human genes in the
YENDME SeqUEnce
® Prediction of 10,000 additional genes, allwith
supgort\ngc?fide?c%th iehvide, |
* Connections to other resources wordwide, leveraging i f
mary public genomic databazes and tools m ccnhga?;é%;’sf;gg\fﬁn%mw &
» This wehsfte, wwsw . ensemblony, faciitates public
Eccass to this data by offering a web-based genome
HOH SEE

AV/ANY

project
€. ! MapView
Ham

& & Mews & BLAST & DiseaseBrowsst & Docs & Download &

Fin [ Flarker 2]l [e_g_nussaz D152806]

Enown Genes # o ShPs Chromosome 3

Total Genes Repeats
" o Known Ensembl Genes: 555  SHPs3: 45332

P24.3 Hovel Ensembl Genes: 472 Length: 141263275 bp
P24, 1

Chramosome:

Click arywhere on the chromosome ideogram or one of the feature distribution plots to
jumnp to a contig-level view of features at that poirt.

B
1
ERTEI P P

att x Altematively, you can jump to cortigriew bety een ary twro landmark markers on this
chromosame:

Between: [ DIRZ065 (at 2.19 M)
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O Netscape: Eh?: howto El
e?

Found 1 ertry:

[l m

The idea of "How dol .. 7" trails is to provide step-by-step instructions for
performing various analses. The trails will take you to real {as opposed to
sereenshots) Ensemblweb pages where you can enter information approprate
faryour search and view the results of the sample searches.

The best way to use the trails is to resize this window to a confortable size nest
toyour "main” brow ser window (the one you clicked to get this window operi)
and follow links highlighted in grey colour.

Please note that the pages appear in the main (and not this) window.

The trails available at the moment are:

ind iy gene’ in the genome?

i all Ense mbl genes with o given lnterP ro domain®

hd expression profile of 3 gene?

hd geniomic sequences similarto my protein sequence?

E=E e

| find proteins similarto my protein sequence?

o o | ook Lp a postional matker and examing candidate disease
genes in the region?

Hiw o | use Ensembl?

What if & gene appears to be incomrectly postioned in the genome?

Feel free to suggest athers!

EEID

Date  2007-06-12 070510 Wb sieREensermbior

9p21 gene cluster is a nexus of
the Rb and p53 pathways

Extracellular Oncogenic
stimuli (i.e. TGF-B) <~ stimuli (ie.H-Ras)|>

s 7
= =

p
p15INKb i

l/
CIO ~>»CT 17
| A \® |
* Same partial nucleotide sequence
* Different amino acid sequence

'
1
1
1
L e Cell Cycle
E2R7 Progression
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Chromosome 9, Bases 23748322-23348322, Size 100001

2000 in 2001 out

posiﬁonlchr (23748322-23848322  pixel width |610 Wszexr's Guide
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Chrramosome Eands Localized by FISH Mapping Clones

Base Fosition

Chiromosomnes Bar
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Mouse Translated Blat Alignments

Mouse Blat |
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Exof ish ecores I
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Beyond the Genome

ExPASy Molecular Biology Server

This is the ExPASy (Expert Protin Analysis System) proteomics server of the Swdss Institute of Bininformatics (8IB). This server is dedicated 1o the analysis of
protein sequences and stuctres as well a3 2-D PAGE (Disclaimer).

[Announcements] [Job opening] [Mirror Zites]

Databases Tools and Software Packages

o SWISS-PROT and TrEMBL - Protein sequences I » Proteomics tools

= PROSITE -

Protein families snd domains
DPAGE - Two-dimensional polyacrylamide gel electiophoresis

DIMAGE - 3D images of proteins and other hiological

ldentification and characterization
== Protein
i searches

Pattern and profile searches
Poat-translational rpodification prediction

macyornolecules
& SWISS-MODEL Repository - Automatically generated protein models
# CD40Lbage - CD40 ligand defects
» ENZYME - Enzyme nomenclature
o SeqAnalRef - Sequence anslysis bibliographic references

i e
ransmernbrane regions detection

0DDOOOO0000

# Links 10 many other molecular biology databases Alignment

» Melanie 3 - Software for 2-D PAGE analysis

» SWISS-MODEL - Automated knowledge-hased protein
modelling server

» Swiss-PidbYiewer - Macintosh/PC 10l for stmenire dizplay snd
analysis

» Boehringer Mannheim's Biochemical Pathways

Education and services

» The ExPASy FTP server » What's New on ExPASy
» Swiss-Shop - antomatically obtain {by email) new sequence entries relevant to & SWISS-FLASH electionic bulletins
sour field(s) of interest & SWISS-PROT documents
» Masters Degree in B' informatics » How 1o create HTML w0 EXPASY
» 2-D PAGE training - atend a one-week course in Geneva = Ci table of
& SWISS-. ZDSERVICE get your 2-D Gels performed according o Swiss
gtandards

Links to lists of molecular biology resources Links to some major molecular biology servers
I ® Amos' WWW links - The ExPaASy list of Biomolecular servers I # European Bioinformatics Institute {(EBT)
# BioHunt - Search the internet for molecular biology nformation » Hational Center for Biotechnology Information {(HCBI)
# WORLD-ZDPAGE - Links 10 2-D PAGE database servers and 2-D PAGE » Japanese GenomeHNet

velated zeriers and serrices = Anatralian Hatinnal (Cenamic Information Serwice
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Physical Properties

Prediction of Physical Properties

Compute pl/MW http://www.expasy.ch/tools/pitool.html

MOWSE http://srs.hgmp.mrc.ac.uk/cgi-bin/mowse
PeptideMass http://www.expasy.ch/tools/peptide-mass.html
TGREASE ftp://ftp.virginia.edu/pub/fasta/

SAPS http://www.isrec.isb-sib.ch/software/SAPSform.html

Prediction of Protein Identity Based on Composition

AACompldent  http://www.expasy.ch/tools/aacomp/
AACompSim http://www.expasy.ch/tools/aacsim/
PROPSEARCH http://www.embl-heidelberg.de/prs.html

Motifs and Patterns

BLOCKS http://blocks.fhcrc.org

Pfam http://www.sanger.ac.uk/Software/Pfam/

PRINTS http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/PRINTS.html
ProfileScan http://www.isrec.isb-sib.ch/software/PFSCANform.html

Protein Structure

Prediciton of Secondary Structure and Folding Classes

nnpredict http://www.cmpharm.ucsf.edu/_nomi/nnpredict.html
PredictProtein  http://www.embl-heidelberg.de/predictprotein/

SOPMA http://pbil.ibcp.fr/

Jpred http://jura.ebi.ac.uk:8888/

PSIPRED http://insulin.brunel.ac.uk/psipred

PREDATOR http://www.embl-heidelberg.de/predator/predatorinfo.html

Prediction of Specialized Structures or Features

COILS http://www.ch.embnet.org/software/COILSform.html

MacStripe http://www.york.ac.uk/depts/biol/units/coils/mstr2.html

PHDtopology http://www.embl-heidelberg.de/predictprotein

SignalP http://www.cbs.dtu.dk/services/SignalP/

TMpred http://www.isrec.isb-sib.ch/ftp-erver/tmpred/www/TMPREDform.html
Structure Prediction

DALI http://www?2.ebi.ac.uk/dali/

Bryant-Lawrence ftp://ncbi.nim.nih.gov/pub/pkb/

FSSP http://www?2.ebi.ac.uk/dali/fssp/

UCLA-DOE http://fold.doe-mbi.ucla.edu/Home

SWISS-MODEL  http://www.expasy.ch/swissmod/SWISS-MODEL.html

TOPITS http://www.embl-heidelberg.de/predictprotein/
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